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The aim of this study was to evaluate the effect of atorvastatin on lipid lowering, cardiovascular (CV) events, and adverse events in women compared with men in 6 clinical trials. In the Incremental Decrease in End Points Through Aggressive Lipid Lowering (IDEAL) trial (atorvastatin 80 mg vs simvastatin 20 to 40 mg), the Treating to New Targets (TNT) trial (atorvastatin 80 vs 10 mg), the Stroke Prevention by Aggressive Reduction in Cholesterol Levels (SPARCL) trial (atorvastatin 80 mg vs placebo), and the Collaborative Atorvastatin Diabetes Study (CARDS), the Anglo-Scandinavian Cardiac Outcomes Trial (ASCOT), and the Atorvastatin Study for Prevention of Coronary Heart Disease Endpoints in Non-Insulin-Dependent Diabetes Mellitus (ASPEN) (atorvastatin 10 mg vs placebo), lipid changes on treatment were compared between genders with studies grouped by dose. The association of on-study low-density lipoprotein (LDL) cholesterol and CV events by gender was evaluated in the combined studies and the impact of gender on adverse events in each study separately. Major CV events occurred in 3,083 of 30,000 men (10.3%) and 823 of 9,173 women (9.0%). Changes in lipids were similar in women and men. Major CV events were associated with gender-specific quintiles of on-treatment LDL cholesterol for women and men. In women, LDL cholesterol was a significant predictor of stroke, but not in men. Discontinuation rates due to adverse events were higher in women in 4 of 6 trials, but in only 1 trial was a significant treatment-gender interaction seen. Myalgia rates were slightly higher in women in both statin and placebo groups. In conclusion, the response of women to atorvastatin was similar to that of men, with slightly more discontinuations due to adverse events. Higher on-treatment LDL cholesterol was significantly associated with more CV events in both genders, but the association was stronger for stroke in women and for coronary heart disease death in men. Lipid-lowering therapy with statins decreases cardiovascular (CV) events and mortality in a variety of patient populations and clinical scenarios. 1, 2 Fewer women than men have been enrolled in statin trials, and whether statins provide benefit to certain subsets of women has been controversial. For example, a meta-analysis of 6 trials including 11,435 women without CV disease published a decade ago showed no benefit for statins for any of the CV end points, although benefit was seen for secondary prevention. 3 In a meta-analysis of statins for primary prevention in women published 6 years later with larger numbers of subjects, 4 the relative risk for CV events for statin-treated women was 0.63 (95% confidence interval [CI] 0.49 to 0.82, p <0.001), with a trend toward a reduction in total mortality (relative risk 0.78, 95% CI 0.53 to 1.15) . Two recent meta-analyses came to opposite conclusions. Gutierrez et al 5 concluded that statins for secondary prevention reduced total mortality and stroke in men but not women, while Kostis et al 6 showed similar benefits for men and women in primary and secondary prevention, including similar reductions in total mortality.
In most statin trials, adverse events have not been reported according to gender and have not included data on each individual patient. Some evidence suggests that statin discontinuation rates are higher in women, 7 and despite objective evidence, women are generally considered to be more likely than men to have side effects related to statins. Given these considerations, the purpose of this study was to evaluate the impact of female gender on lipid lowering, CV events, and adverse events (AE) in 6 large randomized clinical trials using patient-level data. These trials included atorvastatin at high and low doses in the settings of primary and secondary prevention: Treating to New Targets (TNT), 8 Incremental Decrease in End Points Through Aggressive Lipid Lowering (IDEAL), 9 Stroke Prevention by Aggressive Reduction in Cholesterol Levels (SPARCL), 10 the Collaborative Atorvastatin Diabetes Study (CARDS), 11 Atorvastatin Study for Prevention of Coronary Heart Disease Endpoints in NonInsulin-Dependent Diabetes Mellitus (ASPEN), 12 and the Anglo-Scandinavian Cardiac Outcomes Trial (ASCOT). 
Methods
The main results of the 6 trials included in this analysis have been published previously and are summarized in Table 1 .
8e13 All trials were randomized, double-blinded, and had placebo or active treatment comparators. Followup was open label, with blinded end point evaluation in IDEAL and blinded in the other 5 trials. The primary end points differed among the 6 trials, and for this study, major CV events were defined as CV death, myocardial infarction, resuscitated cardiac arrest, and stroke. The analysis plan for this study was designed prospectively to answer questions related to gender differences with statins in low-density lipoprotein (LDL) cholesterol lowering, CV events, and discontinuation rates due to AEs and creatine kinase (CK) elevations.
To assess the impact of gender on lipid lowering, changes from baseline in LDL-C, high-density lipoprotein (HDL) cholesterol, triglycerides, and non-HDL cholesterol over time by treatment were analyzed. Within each gender, treatment comparisons were performed using an analysis-ofcovariance model containing baseline and treatment. Treatment-by-gender interactions were computed to assess consistency of treatment effect by gender. IDEAL and TNT were pooled and presented by treatment (atorvastatin 80 mg, simvastatin 20 to 40 mg/atorvastatin 10 mg). SPARCL was summarized separately, and CARDS, ASCOT, and ASPEN were pooled (atorvastatin 10 mg vs placebo for all 3 trials).
To assess the association of LDL and HDL cholesterol on CV events by gender, the 6 studies were pooled. We evaluated major CV events, coronary heart disease (CHD) death, nonfatal myocardial infarction, stroke, and CV mortality. Analysis was performed by month 3 LDL cholesterol gender-specific quintiles for all studies except ASCOT, in which month 6 LDL cholesterol was used because month 3 lipids were not collected. Subjects with events occurring before month 3 LDL cholesterol or month 6 LDL cholesterol in ASCOT were excluded from the analysis. Cox proportional-hazards models adjusting for study and treatment were used and hazard ratios (HRs) were computed comparing each quintile with the lowest LDL cholesterol quintile. The p value for trend across the 5 quintiles was computed. The analysis was performed for men and women separately. To examine the consistency of LDL cholesterol effect on events by gender, the interaction between gender and LDL cholesterol quintiles was computed. This analysis was repeated using month 3 HDL cholesterol quintiles.
The impact of gender on discontinuation rates was examined separately for each of the 6 studies. A summary of discontinuation by treatment, reasons for discontinuations, Data are expressed as mean AE SD or as number (percentage). At baseline, TNT patients had been taking atorvastatin 10 mg for 8 weeks.
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The American Journal of Cardiology (www.ajconline.org) and the most frequent AEs associated with discontinuation was generated. Statistical comparisons were performed for men and women using logistic regression comparing the difference in rates between treatments, and the treatment-bygender interaction was computed for overall discontinuations due to AEs. Predictors of discontinuation were assessed for men and women separately. An analysis to assess the effect of gender on CK elevations and AEs was performed for the 5 trials for which this information was available (CK levels were not measured in ASCOT). CK levels before treatment were categorized, and shifts in CK elevations were summarized at the maximum CK level during the study. Rates of discontinuations due to AEs and treatment emergent myalgia were summarized for the baseline CK subgroups.
Results
Selected features of the 6 trials are listed in Table 1 . Of the 39,173 patients enrolled in the 6 trials, 9,173 (23.4%) were women. As listed in Table 2 , women were older (63.3 vs 61.6 years), were more likely to have hypertension and diabetes, weighed less, and had higher LDL and HDL cholesterol levels at baseline. Mean follow-up for 4 of the trials was 4-5 years but was shorter in CARDS and ASCOTeLipid Lowering Arm (ASCOT-LLA) because Figure 1 . Changes in LDL cholesterol in men and women are shown for SPARCL study (top), TNT and IDEAL (middle), and ASPEN, CARDS, and ASCOT (bottom). Overall, the differences in LDL cholesterol lowering between women and men were small and not clinically significant.
Preventive Cardiology/Effects of Statins in Women 449 they were stopped early for benefit. Major CV events occurred in 3,083 of 30,000 men (10.3%) and 823 of 9,173 women (9.0%). Changes in lipids were generally similar in women and in men, as shown in Figure 1 for LDL cholesterol. High-dose atorvastatin lowered LDL and non-HDL cholesterol compared with the moderate dose slightly more in men than in women in the pooled TNT and IDEAL patients (p ¼ 0.003 for treatment-by-gender interaction at 3 months for LDL cholesterol), but the absolute difference was small. No gender difference was seen with atorvastatin 80 mg in SPARCL. In contrast, atorvastatin 10 mg lowered LDL and non-HDL cholesterol compared with placebo slightly more in women than in men in the pooled CARDS, ASPEN, and ASCOT-LLA patients (p ¼ 0.02 for treatment-by-gender interaction at 6 months for LDL cholesterol), but this difference was also small and did not persist consistently at subsequent visits.
To consider the impact of discontinuation rates on lipid changes, the analysis was repeated after excluding all evaluations that occurred after the last treatment date. Overall, the decreases in LDL were slightly larger, and for IDEAL and TNT, the treatment-by-gender interactions from months 3 to 24 were no longer significant (data not shown).
In SPARCL, atorvastatin 80 mg slightly but significantly increased HDL cholesterol in men, but in women, the increase was smaller and not statistically significant, while no consistent gender differences in HDL cholesterol were seen Study drug consisted of atorvastatin 80 mg in TNT, IDEAL, and SPARCL and atorvastatin 10 mg in CARDS, ASPEN, and ASCOT-LLA. Comparator drug was atorvastatin 10 mg in TNT, simvastatin 20 to 40 mg in IDEAL, and placebo in SPARCL, CARDS, ASPEN, and ASCOT-LLA.
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No consistent gender differences were seen for the triglyceride-lowering effect of either dose of atorvastatin. For major CV events and nonfatal myocardial infarction, there was a significant trend across LDL and HDL cholesterol quintiles for men and women. The data for major CV events for LDL and HDL cholesterol quintiles are listed in Table 3 . For HDL cholesterol quintiles, the trend-by-gender interaction was significant (p ¼ 0.0089), indicating that HDL cholesterol was a stronger predictor of major CV events in women than in men. For CHD death, CV death, and all-cause mortality, there was a significant trend across LDL cholesterol quintiles for men but not women; in contrast, for stroke and non-CV death, we observed the opposite effect; namely, the observed trend was significant for women (for non-CV death, the trend was in favor of higher quintiles) and not men.
The unadjusted HRs comparing quintile 5 with quintile 1 in women and men for different end points are listed in Table 4 . Adjusting for diabetes, HDL cholesterol levels, hypertension and smoking increased the HR for major CV events for women from 1.69 to 2.10 (95% CI 1.49 to 2.94) and for men from 1.34 to 1.48 (95% CI 1.22 to 1.79). After adjustment, the trend-by-gender interaction for CHD death was no longer statistically significant (p ¼ 0.56).
As listed in Table 5 , discontinuation rates due to AEs were slightly higher in women than in men in 4 of the 6 trials; however, a treatment-by-gender interaction was present only in IDEAL. The most common AE causing discontinuation in women was myalgia in IDEAL and ASPEN and elevated hepatic enzymes in TNT and SPARCL. Increasing age, higher atorvastatin dose, and number of concomitant medications were predictive of treatment discontinuation in women and men (all p values <0.0001) by multivariate analysis. The presence of diabetes was also predictive in women but not men (HR 1.33, 95% CI 1.09 to 1.63, p ¼ 0.005, gender-byfactor interaction p ¼ 0.036).
As listed in Table 6 , most subjects did not have significant CK elevations and remained in their baseline CK categories. Rates of myalgia were slightly higher in women than in men in each of the 3 treatment groups: 11.3% versus 9.4% with atorvastatin, 10.8% versus 7.7% with simvastatin, and 6.8% versus 4.6% with placebo.
Discussion
The results of this study show that the effects of atorvastatin 10 and 80 mg in 6 large randomized trials did not differ markedly overall in women compared with men. The 10-mg dose lowered LDL cholesterol levels slightly more in women than in men, but the 80-mg dose lowered LDL cholesterol levels slightly more in men. On-treatment LDL, non-HDL, and HDL cholesterol levels were correlated with major CV events for women and men, with a marginally significant treatment-by-gender interaction for HDL cholesterol. Differences were seen for components of the composite end point, perhaps abetted by the smaller number of women than men: for CHD death, CV death, and all-cause mortality, there was a significant trend across on-treatment LDL cholesterol quintiles for men but not for women. For stroke, the trend across LDL cholesterol quintiles was statistically significant for women but not men. For non-CV deaths, LDL cholesterol levels were significantly correlated in women, with benefit at higher LDL cholesterol levels.
Differences between women and men in the amount of LDL cholesterol lowering for the same statin dose have not been highlighted in previous studies. In a network metaanalysis of 256,827 patients from 181 trials, 14 the investigators concluded that the proportion of women in a trial did not influence the degree of LDL cholesterol lowering with different statins; however, they did not have access to patient-level data. The difference in LDL cholesterol lowering between genders seen in this study is much smaller than the variation between individuals.
The Cholesterol Treatment Trialists' Collaboration metaanalysis of 170,000 patients included 45,495 women.
1 Each 1 mmol/L reduction in LDL cholesterol was associated with a 17% reduction in CV events for women and a 23% reduction for men (p for heterogeneity ¼ 0.04). This metaanalysis did not detail other differences between genders, and meta-analyses that did focus on gender did not have access to patient level data. 4e6 We found no heterogeneity between genders in the relationship between on-treatment LDL cholesterol and CV events, but we did for the relation between on-treatment HDL cholesterol and CV events.
More women than men die from stroke every year, and fatal plus nonfatal stroke constitutes a higher proportion of CV events in women compared with men. 15 In our study, the association between on-treatment LDL cholesterol and stroke was stronger in women than men. In patients with recent stroke or transient ischemic attacks included in SPARCL, women were older, had higher systolic and lower diastolic blood pressure, were more likely to have diagnosed hypertension, and were less likely to smoke cigarettes. 16 They also had higher levels of total cholesterol, LDL cholesterol, HDL cholesterol, and apolipoprotein A1 levels than men. Despite these differences, a gender-by-treatment interaction for stroke was not seen, and event reduction was similar for both genders.
Most studies that evaluated the safety of statins did not focus specifically on women 17 ; however, it has been suggested that women may be at a higher risk for statin-induced myopathy. 18 Among the 6 trials included in this report (Table 5 ), discontinuation rates due to AEs were higher in women than men in 4, but a significant treatment-by-gender interaction was present only in IDEAL, the only trial in which treatment allocation during follow-up was not blinded. In the trials that included atorvastatin 10 mg, myalgia was the most common reason for drug discontinuation, while in the atorvastatin 80 mg treatment groups, elevated hepatic enzymes were the most common cause. The rates of treatment-related myalgia were slightly higher in women than in men in the statin and placebo groups. We examined whether baseline CK elevations could predict on-treatment myalgia, but CK levels were almost always normal at baseline, limiting the utility of this approach.
We have not reported gender differences in new-onset diabetes in these trials, because those data have already been published. Of the 6 trials, 2 were restricted to subjects with diabetes at baseline (CARDS and ASPEN). In TNT, IDEAL, and SPARCL, we have previously reported that the incidence of new-onset diabetes did not differ between women and men. 19 Gender was also not a factor predictive of new-onset diabetes in ASCOT. 20 
